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論文内容要約 
Chapter 1: Introduction 
Theoretically, the ideal elastic strain of metals can be over 10%, and the Poisson’s ratio can be 
negative. However, it is generally accepted that most bulk metals practically sustain a small elastic strain 
of less than 0.2% and have a Poisson’s ratio of around 0.3. The development of bulk metals with large 
elastic strains or negative Poisson’s ratios not only is of great scientific significance but also enables many 
potential applications, such as novel strain sensors, mechanical diodes, and so on. 
To contribute to the development of such alloys towards practical applications, this thesis 
investigated the elastic behaviors, including elastic strains, Young’s modulus, and Poisson’s ratios, in 
Cu-Al-Mn-based β-phase alloys, as well as the related microstructure control. Here, the Cu-Al-Mn-based 
β-phase alloys are featured by their good cold workability, easy preparation of single crystals and tunable 
phase stability, and so on. 
This thesis is composed of 6 chapters. 
 
Chapter 2: Large elastic strain in <100> single crystals 
 In this chapter, a large elastic deformation persisting to a strain of more than 4%, associated with a 
very low Young’s modulus of around 24 GPa, elastic softening phenomenon, and the zero stress hysteresis, 
was experimentally identified in a single-crystal Cu-17Al-14Mn (at %) alloy by stretching along the <100> 
orientation.  
The in-situ structural investigations under tensile stress, such as the in-situ neutron diffraction 
experiments (Fig. 1), indicate that no phase transformation was involved during the large tensile elastic 
deformation, and the reversible lattice strain matched well with the macroscopic elastic strain. This large 
elastic deformation should be attributed to the lattice instability prior to a possible martensitic phase 
transformation, where the lattice can be significantly distorted before structural transformation or plastic 
deformation. The low Young’s modulus 
along the <100> orientation is related to 
the small value of C’, which is an elastic 
constant characterizing the resistance to 
tetragonal deformation for a cubic crystal. 
The elastic softening phenomenon, 
appearing as the reduced Young’s modulus 
upon stress, might be ascribed to the 
softening of C’. And the near-ideal 
deformation due to the small value of C’, as 
well as the L21-highly ordered structure 
impeding the creation of dislocations, 
further ensures the high strength for 
achieving the large elastic strains. 
 
Chapter 3: Negative Poisson’s ratio in <110> single crystals 
 In this chapter, a negative 
Poisson’s ratio in a single-crystal 
Cu-16.9Al-11.6Mn (at %) alloy was 
experimentally observed by uniaxial 
tensile tests.  
It is experimentally 
demonstrated that, in the elastic 
deformation regime of the parent phase, 
when stretched along the [110] direction 
at room temperature, the crystal shrank 
greatly in the [001] direction showing an 
extremely large Poisson’s ratio of +1.36. 
Simultaneously, however, the crystal 
expanded along the [1-10] direction 
showing a negative Poisson’s ratio of -0.51, as shown in Fig. 2, while showing an almost dimensionless 
Fig.1 Neutron diffraction profiles during tensile loading and 
unloading indicate a large reversible lattice strain.  
Fig.2 The strains in the loading direction (LD) and 
transverse direction (TD) increase simultaneously with 
increasing stress, showing a negative Poisson’s ratio of -0.51. 
change in the [1-11] direction with a near-zero Poisson’s ratio of -0.11. These experimental results are in good 
agreement with the values calculated by using the experimentally determined elastic constants. These 
anisotropic Poisson’s ratios including the negative Poisson’s ratio are closely related to the large elastic 
anisotropy index, which is a result of the small value of C’ in the studied Cu-Al-Mn alloy. In addition to the 
negative Poisson’s ratio of the parent phase, this alloy also showed pseudoelasticity due to stress-induced 
martensitic transformation at room temperature, which may enable multifunction for novel applications. 
 
Chapter 4: Preparation of large oriented single crystals by abnormal grain growth 
 Bulk single crystals with typical orientations are much preferred for achieving the large elastic 
deformation or negative Poisson’s ratio in Cu-Al-Mn-based alloys. In an effort to promote the process 
towards practical applications of the anomalous elastic properties, the preparation of large oriented bulk 
single crystals was studied in this chapter.  
An approach 
involving the creation of 
strong textures and the 
subsequent abnormal grain 
growth was proposed. To 
verify its feasibility, 
unidirectional solidification 
and cyclic heat treatment 
were adopted to create large 
<100>-oriented single 
crystals in Cu-17.5Al-11Mn 
(at %) alloys. In the unidirectionally solidified strongly <100>-textured polycrystalline samples subjected to 
cyclic heat treatment, it was found that the migration of preexisted high-angle grain boundaries with high 
mobility dominated the abnormal grain growth behavior, as shown in Fig.3, and the energy of subgrain 
boundaries, which were induced by precipitation of α phase in the β matrix, is the driving force. As a 
consequence, no obvious grain orientation deviation occurred and large <100>-oriented single crystals with 
dimensions of 50 mm × 10 mm × 1 mm were successfully prepared, indicating that the proposed approach is 
feasible. Furthermore, based on such an approach, by using severe cold deformation and annealing to create 
strong <110> recrystallization textures, and subsequent cyclic heat treatment to induce abnormal grain 
Fig.3 EBSD quasi-colored orientation map along the solidification 
direction (SD) viewed from the cross section at the initial stage of 
abnormal grain growth. 
growth, large <110>-oriented single-crystal bars were confirmed to be obtained as well. 
 
Chapter 5: Elastic properties in textured polycrystals 
 In the point of view of easier industrial production towards practical applications, the anomalous 
elastic properties are also expected in textured polycrystalline Cu-Al-Mn-based alloys, which can be 
produced by conventional metallurgy processes. Therefore, the elastic properties in textured 
Cu-Al-Mn-based alloy polycrystalline samples were studied in this chapter. 
In Cu-17Al-13.5Mn-3Ni (at %) alloy plates prepared by cold rolling and annealing, <110>{001} 
recrystallization textured could be formed. By stretching along a direction that is 45° deviated from the 
rolling direction, a maximum elastic strain of 2.3% was observed in the polycrystalline sample. This value 
was further improved to be 3.3% by coarsening the grains via an optimized annealing process. These results 
indicate that the large elastic deformation can be achieved to some extent in textured polycrystalline 
Cu-Al-Mn-based alloys. 
 In Cu-16.5Al-10Mn-3Ni (at %) alloy plates, <110>{001} or <110>{112} recrystallization textures 
were obtained by tailoring the final annealing temperatures. By measuring strain in the transverse 
direction under stretching along the rolling direction, a negative Poisson’s ratio of -0.19 was observed in the 
plates annealed at 900°C with <110>{001} textures, while a near-zero Poisson’s ratio of +0.037 could be 
obtained in the plates annealed at 850°C with <110>{112} textures. These results indicate that the negative 
or near-zero Poisson’s ratios in polycrystalline Cu-Al-Mn-based alloys can be tailored by texture control. 
 
Chapter 6: Conclusions and perspectives 
 In this chapter, the contents of Chapter 1 through 5 are summarized. Furthermore, a guideline for 
the development of novel bulk metallic materials with the anomalous elastic properties was proposed. 
